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TEE El?I15CT OT SPRAY STRIPS ON A MODEL

OF THE P3M-1 FLYIXG-BOAT HULL .-

By John R. Dawson

SUMMARY

This note presents the results of a series of tests
made in the N.A.C.A. tank on a one-sixth full-size model
of the hull and side floats of the Navy P3M-1 flying teat
for the -purpose ‘of finding a method. of reducing the amount
of spray thrown into the propellers of this craft when talz-
ing off and landing. .

The model was tested without spray strips ana–tiith
five different spray-strip arrangements. The best arrange-
ment was an improvement over the bare hull with no Spr-ay
strips, but the improvement was not sufficient ‘E6 be sat=
isfactory with the propellers in the designed position.

INTRODUCTION

Take-off tests of the P3M-1 flying %oat
as constructed. it threw large wantities of

—
—

showed that,
spray while

taking off and landing, and tha; enough spray fo ci?.use
rapid erosion of the propeller tips went through the pro-
peller disks. A spra”y strip of special form was fitted
along the chine of the main hull, hut this apparently did
not improvo matters, and it was reported. that the time
required to take off was increased.

“ The Committee had conducted an extensive series of
tests on a model of a somewhat similar flying-boat hull
with different spray strips. Since in.these tests th6
spray strips were effective, the 3ureau of Aeronautics,
Navy Department, requested that the Committee investigate
the possibility of controllia~ the spray produced by the
P3M-1.

—-—
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Five different: sets of .spray..stri-pswere attached to
a one-sixth full- siz6’ m“o”del“o’f”tlie‘h-till.“and the effect of
each arrangement OQ the spray’; r“esistence, riso of center
of gravity, aqd. trim.apglQ .WaB ;Q>.so,z,ve,d..inroutine ta~k
tests. The ‘“rnodol’-#as aIso tditbd without spray strips as
a basis for compar,isom.c Include,d. in. the series was Q re-
production of th6 sp’ray &tr’ip trie”a”%y ’tke Navy. A8 the
worst spray condition oc.cursp,at.low speeds, the teets were
not carried to get-away” speed Ori &“ll the arrangements,

!IYhetests were made in the I?.A.C.A. tank, Langley
Field, Vs., between Noveu%er. L932 and March 1933,. . ... .

APPARATUS JWD. METXOD ? !“..,...’ .“
-..-. .. ..

The :Mo-[ei ”--” “-.. . ..
, .

— _.—.
. . . .. ..:-. T~e’mo&el- includei” the main ~ull and the sidbf.loats

(fig, 1). A crosspiece was secured on top of the main
hull, and extended on e.ach..si,d~..torovi~e~e a s.tout.support
for”’the-floats. The stru’tti,.b~~,ween”the main hull. and..the

“- Floats w“gre simulated by ‘3/li5-inch-diameter br.ass.,r.oda~
an!’ the “sw”ings of the tips of- th,e two propellers Oypr
“ftioirlowor quadrante woro i,ti.dicatedby curved rode.

., ,.

‘2ho modols of both the main hull and tho sldo floats
were made of larninatmd mahogany, carefully sm.oothod, and
were g5ven several coats “of gray eilemelo The tolerance on
the dimensions of the model was *0.G2 inch.

,.rc
+“ ?t ~as necessary ’to cut down the forward pq~~”~gf the
m3i22-hUll mOqel ‘to_ allow room for t~e to~ing ge”ar to ,,pe .

attached &o, tha”t the towing pull would be appl~ed..at the.
@p”ecified center of gravit~-, Figure 2, which givps. ‘th@
lines of th6 main hull and side floats, shows how-the main
hull was &t down. ... . .-

‘., .
.-.-:

Tho following tabio lists tile arrangements to~ted:

liodol ‘no..,..——

::73:
18-C- :
1“8-CS “’”
18-DS
18-S
18-SA1
18- SA

Spray-strip
,“

. = . ---~Side floats ~~rrangomegk
. —. — .. &- L——

none .-none
.. 1!,, H.

II
.,

..,,.

s ““’ ‘“
s I)

noao
; ----–----Al w—.
s A

+
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., .- .. “.. . The Spray Strips,. .,.. .
.... . .-

,. .,
r, - -. ,,.

The spray strips were of two, *ype8. a.sTShow% i_nfigure
,1. One type -(spray strips B, C, and D) was made o~ 0.032 -
inch sheet brass, attached ~o the side of the” model with
screws qn_d bent to the desired angle be_l_gwthe horinon-tal-.
The second- type (spray strips A and Al) rep.r”odruced‘t_h6 ~,

..form of the strip tried ty the. ITavy on ‘the full-size boat.”
,. It was made by moulding pattern wax on the bottom of the

model ,

Spray strips were fitted on the “forebody only. Spr a~
strips Al, B, C, and D extended betmetin a point 5 inches aft-- “-
of the bow, - and a point 13.21/64 inches forward of the step.
They were terminated at the latter point ~0 L311OW rOOill f~r

the beaching gear designed for the flying boat. In arrange-
ment D a short piece, which extendefi back to the step, was
placed aft of the space required for the leaching gear.
Spray strips were also fitted on the inboard sidqs of the

.* side floats in this ‘arrzingemen-t.’ Spr~y. strip A (fig, 3)
represented the arrangement tried on t-ne fulI-size machine
and extondod between a point 11 inches aft of the bow and a

. point 13-.21/64 inches forward of the step.

Method” of Testing. .—

Tests were made by the hydrovane method (reference 1)
with. the Small towing gear. The usual measurements of re-
sistance, rise, trim angle, and trimming moment were taken.
The gear was attached to the model with the pivot abou~
which the model trims,placed at the specified center of
gra’v~ty for normal load (15,9!55 pounds full size or, “ =
74 pounds model load). The model was balanced to g~ve”;~e

Jcorrect center of gravity longitudinally, but no attempt
was made to-%alance it verticai”ly. —

T~suyplernent observations of the spray, simultaneous
photographs were take-n”by two cameras rno-uiited.on the$ba$~
riage, oue for.wa~.dof the model on the left side, the other
above and a~out 1 foot to the left of the cenfer line.. . ...., ::: .---. .

. . . .

.-
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The model of the main hull (Model 18) was first tested
alone with no spray strips. Two arrangements of spray
strips were then tried on the main hull alone (Models 18-B
and 18-0}. Tno side floats and propeller ares were then
added and the model “tested without spray strips (Model 18-S),.
The arranRnment of spray strips used h Model 18-c was teet-
.ed on the complete model as Model 18-CS, A third arrange-
ment of spray strips at a lesser angle, +, was tasted orI
the complete model as Mo~el 18-DS. The type of 8pray strip
was then chanqed to simulate that used on the full-sf,ze hull
and two arranqementis, differing only in length, WOSQ tostad
as iiodels 13-SAI arid 18-SA.

RESULTS AND DISCUSSION

Spray Characteristics ,

A sufficient number of photographs to show the worst /
spray conditions are reproduced in figure 4. The following
re.~arks, however, are base4 largely on the observers not=
rather than on the.photographs bec~.~se of the difficulty of
interpreting photographs. Water after being deflected by
the spray strips appeared white and photo~raphod more clear-
ly than the sheet of water coming directly from the hull

.,

bottom.
-:

On Model 18-S it was observed that at model speeds be-
tween lCJ and 12 feet per second (24 and 29 feet pe-r ~econd,
full-scale) the bow blister came up within about 1-1/4
inches (7-1/2 ‘Inches, full-scale) of the propeller disks;
about 6 inches (3 feet, full-scale) forward of the propol-
lors the blister came up to about tho sawo lovol 95 tho bot-
tom of the propeller disks, Between 14 and 20 feet per sec-
ond (34 and 49 feet per second, full-scale) the blister
struck tho sides of tho side floats n~ar their sterns.

Spray-skrip arrangement B deflected the spray down at
too steep an angle. l?he spray rsbound.ed higher than the
blister rose when there was no spray strip (i.iodel18-S),

S~ray-strip arrangement C .gavo similar re~ults although
the water did not rebound quite so high. The watQr rebound-
ed to shout the same position relative to the pvopel.lors e,s -.
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the blister on Model 18-S. The side floats were” p%ot6ct C&”
,somewhat, but at speeds around 15 f~~t per socoad..(37 feet”
per second full-scale) they were. struck by the spray coming
from those parts of the chines of the matn hull whore tho
spray. strips were omitted to allow room f~rtho teaching
gear. .

..- ,=-..-.:-:. . —
--!—-:-=” = —. .’,

Because of the decrease in the downward an-glo pr in
spray-strip arrangement D the water did no% rebound so “
high. At the propellers the’rebounding spray rtis”eto with-
in about 1-3/4 inches (10-1/2 inches, full-scale) of the
bottom of the tip circle, or 1/2 inch (3 inches, full-scale)
lower than the %lister from the bare hull. Yorward of the
propellers there was still more improvement, the blister
coming up very little higher than at the propellers, At a
speed of about 15 feet per se”cond (37 feet per second? full-
scale) the water caue ~h%ough the gaps left in the spray
strips for the beaching gear and struck the side floats. It
is doubtful if the part of the spray str~-s extiindfng aft of
this gap is of any valu_e.

,-+ The spray strips .on the inboard.sid.es. ~f.the~floats
with this arrangement seemed to be of little use. Th% side
floats were found to contr~bute-~ery -Iit%le to the troublo-~.
some spray. ., ——

Spray-strip arrangements A and Al gay.e__yery_pearly
the same res~lts as” D~- The-only difference bet~een A and
Al is the extra piece extending forward. to the bow on Al.
In the tank tests this portion was out-of the water” wh~e -
the spray was the worst, but it is probable that, in roug%

-=..__=---_

water, it would help keep down the spray from wa~es. The ‘
tank, at present, has no faci-lities- for >%071uc.ing”ws,ties”ti?”
sufficient magnitude to be of any value in the sttidy of such
s. condition.

4–-–
s

General Characteristics

Figures 5 to 12 are curves of resistance, trim angle,
rise of center of gravity, trimming momentl and load/resist-
ance plotted against speed. These curves show the eff~c~
of the spray strips on the values “whl-ch-a~fect take-off time
and lengjth of. tako-o.ff run. .-

..
B , -.

AS no accur,ate method of deducting-the ~,in~dr,es~stance
of the model has’.been, Developed,, it ~,’pinclu”ded .in th,e
curves of the water resistance. The wind resistances of the

.-

●
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towing gear and of the beam that holds the side floats have,
however’, been deduct~d. ~ .

,.“
‘Moments that tended “to raise the bow wore cons”idored

positive. The small positi’ve trilnming moment shown on the
Il+ree-to-trimll condition exists because thecurves in the ..

center of gravity of the model was lower than tho pivot of
the towing gear.

,’ ..
‘1’tis estimated that the results abtai.ned are accurate

wit’hin the ‘.llmits given below:
,, :... ,.

:..,, ‘Rd”s-istance 30.1 .l”b. , ..
., ’”’+,,. -t.. .

“.T’ri”rn“angle . Halo ~ .
,. ... .. .’

. Rise’ .’ -. “ “’ +0.1 in. .

Tritirning mometit( +1.0 Ib.-fto
,,

Speed 4.0.1 f,p.s,

A few points: otiutihbcurves lie ontsi.de this range, but
thebe’are usually at!critical points. where a perfect check.
of~’the.results would~%e impossible even ~iih aPParatus hRV-
ing no error,

,.,
The ‘curves show.’.onlsmallll diffc+ronces for the various

eh&ngesi The additioh’!,oi’the side floa>st.o $BQ main bull
ihcre.ased the tie-sistance:.”slight~yand..reduced the maximum
trtrn angle in the free~to-.trfw condition. All the spray
strips tbnded to reduce the hamp resistance slightly. Thor
model test~..gave no imdicatio.n of an increase In ts&o-ofi
t’ime:dua to.spray strip A,. aswas sugges$od in the &eporte

..LO’IYt-ne performance of the full-size craft, but the model ..
tests with this spray strip were not carried to get-array .
speed.

,,

CONCLUSIONS,.... ,. ,. .. . .

It is concluded that either “Bpray-strip arrangement A
or D would rbduce the hmount of spnay ‘whfch now goes
through the propellers, b?~t that. th~s’’.~ed~~cfionwould not be
be enough t.o,be satisfactory. Apparently the problem c=nfiot

,.. .-
.. .,.“‘,‘, )...”:. ,.....-. :J-,., ,,,,,,,, ,-:.. . . . .

.,
.:,:, :”.

. . . . . . . -,... . . . .

—

.,

.,

. ,,

...

..

.-.

.,
:.
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T
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be solved satisfactorily by means of spray 8trips, with the
propellers at the specified location.

The take-off time should not be increased by arrange-
ment D.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., October 19, 1935.
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All
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! Figure l.- Spray etrips end general arrangement of the P3M-1 modal ( 1/6 scal,e) .
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Figure 2.- Main hull and side float lines of the P3M-1 model (1/6 scale).
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●
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Figure 5.- Water charaoterlfatiasof model 18.
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V, epeed, f.p.e.
Figure 8.- Water oharaoteriatioeof Model 18-0S.
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0

Figure 11.-

spray strip

—
V, speed, f.p.s.

Water oharaateristics Figure 12.- Water oharaoterie-
of model 18-SAL with ties ofznodel 18-9A.
Al. with spray strip A.
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